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From the Chair
RoB PETRE (NASA/GSFC)

I'd like to thank everyone who made our March
HEAD meeting in Monterey a great success. The meeting
provided an opportunity to celebrate our 50th anniver-
sary in style, with uniformly excellent talks during both
the regular and special sessions, a remarkable number
of outstanding posters, and well-attended social events.
The HEAD Executive Committee deserve congratulations
for constructing an exciting program, and the support
staff at AAS headquarters for handling the logistics. Spe-
cial thanks go to HEAD Secretary Mike Corcoran and
AAS meetings coordinator Elizabeth Scuderi who did the
heavy lifting.

At the meeting, we welcomed the newly elected Exec-
utive Committee members. Mike Corcoran was reelected
to a second term as Secretary. Frits Paerels takes over as
Treasurer. Joining the Executive Committee as at-large
members are Erin Kara and Alexander van der Horst. I'd
like to express the gratitude of the Division to all who
stood for office; we had a strong slate of candidates. Also,
on behalf of the rest of the executive committee and the
entire HEAD membership, I'd like to thank outgoing Trea-
surer Keith Arnaud and Executive Committee members
Laura Lopez and Niel Brandt for their outstanding ser-
vice.

We also introduced a revision of the HEAD bylaws.
In addition to cosmetic changes, such as removal of un-
necessary sections and properly referring to the AAS gov-

erning body, the revised bylaws contain an update of the
process for filling a vacant Vice Chair position consistent
with the current six-year Chair cycle (Vice Chair — Chair —
Past Chair) and an update of membership classes consis-
tent with those defined by the AAS. A subsequent vote by
the membership led to overwhelming passage of the by-
laws. I'm extremely grateful to the Executive Committee
for developing the revisions.

Some of the items dropped from the by-laws will be
incorporated into a new “policies and procedures” doc-
ument. This document will capture the HEAD workings
that are not detailed to the bylaws, including the division
prize nomination and selection process, organization of
HEAD meetings, and the Executive Committee nomina-
tion process. This document is in the early stages of for-
mulation; it is hoped that a draft will be made available
for membership comment by the end of the year.

The Division is also planning to introduce one or more
new awards to supplement our current set: the disserta-
tion award, the mid-career award, and the Bruno Rossi
Prize. The Executive Committee will be soliciting sugges-
tions through a questionnaire that we plan to make avail-
able in the next few weeks. We encourage you to send
us your ideas. We hope to develop a substantive proposal
for new awards by the next HEAD business meeting at
the January 2020 AAS meeting.

This year, in addition to celebrating our 50th anniver-
sary, we passed a second major milestone: HEAD mem-
bership has now surpassed the 1,000 mark. The HEAD is
the second largest of the six AAS divisions, and is under-
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going healthy membership growth.

Finally, I'd like to encourage all of you to participate in
the 2020 Decadal Survey of Astronomy and Astrophysics.
Even though there were no presentations about it at the
Monterey meeting, the Decadal Survey was a topic of fre-
quent discussion, for good reason. It is the most impor-
tant strategic planning activity for our field. Not only is it
essential that we all pay close attention to it, but we all
need to take advantage of the opportunities to provide in-
put. Fermi, the youngest high energy mission named in a
decadal survey, just celebrated its 10th year in orbit. The
April 2018 meeting demonstrated that there exist a large
number of excellent concepts for large and medium class
high energy astrophysics missions. Our future as a field
depends critically on successful advocacy for our science
and for the missions that enable our science. Please take
the opportunity to participate in the process.

HEADlines
MEGAN WATZKE (CXC)

On April 10th, press conferences were held simulta-
neously around the world to announce the results from
the Event Horizon Telescope. The image of the shadow of
the supermassive black hole at the center of M87 became
arguably the largest news story ever from a singular as-
trophysical release, being draped across the front pages
of the world’s largest newspapers, on televisions screens
around the globe, and in social media feeds everywhere.
HEAD missions, including Chandra and NuSTAR, played
a supporting role in coordinated observations during the
April 2017 EHT run, and this was included in some of
the media coverage of story. As the EHT prepares future
announcements, there should be more opportunities to
connect it with other high-energy astrophysics results and
missions.

On December 9, 2018, high-energy astrophysics and
astronomy as a whole lost one of its giants with the pass-
ing of Riccardo Giacconi. Befittingly, there were obitu-
aries in media outlets around the globe commemorating
his life and career, including the Boston Globe, New York
Times, The Washington Post, and many more. A Memo-
rial Symposium to celebrate the Riccardo’s life and work,
organized by The Space Telescope Science Institute, Cen-
ter for Astrophysics | Harvard & Smithsonian, the Johns
Hopkins University, European Southern Observatory, and
Associated Universities, Inc. will take place at the Na-
tional Academy of Science, Washington, DC, this June.

In other media matters, Schramm winner Josh Sokol
gave an excellent talk to the HEAD meeting in Monterey
about how he and other journalists cover high-energy as-
trophysics and science in general.

As always, HEAD missions produced a slew of news
throughout the past six months. Some of the press re-
leases covering our division were:

November 19, 2018 “From Gamma rays to X-rays:
New Method Pinpoints Previously Unnoticed Pulsar Emis-
sion”

December 13, 2018 “A Hero for a Heroic Age”

December 17, 2019 “The Faintest Edge of the Violent
Universe Revealed Through its Tiny Fluctuations”

January 9, 2019 “Shredded Star Leads to Important
Black Hole Discovery”

January 10, 2019 “Holy Cow! Mysterious Blast Stud-
ied with NASA Telescopes”

February 14, 2019 “Where is the Universe Hiding its
Missing Mass?”

February 20, 2019 “In Colliding Galaxies, a Pipsqueak
Shines Bright”

March 19, 2019 “NASAs Fermi Clocks ‘Cannonball
Pulsar’ Speeding through Space”

March 20, 2019 “Giant ‘Chimneys’ Vent X-rays from
Milky Way’s Core”

April 10, 2019 “Black Hole Images Makes History:
NASA Telescopes Coordinated Observations”

SIZE COMPPRISON:
THE M87 BLACK HOLE

D
OUR SOLAR SYSTEM

The XKCD perspective on the Event Horizon Telescope image of the super-
massive black hole in M87. Credit: Randall Munroe/XKCD.

LIGO-VIRGO Scientific Collaborations

PATRICK BRADY (UNIVERSITY
OF WISCONSIN. MILWAUKEE), DAVID SHOEMAKER (MIT),
AND GUIDO MUELLER (UNIVERSITY OF FLORIDA)

LIGO and VIRGO resumed their hunt for gravitational
waves on April 1, after receiving a series of upgrades
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to its lasers, mirrors, and other components. The com-
bined LIGO detectors increased their sensitivity by about
40 percent over their last run while VIRGO almost dou-
bled its sensitivity. These improvements led to four signif-
icant alerts in the first month of observing — a detection
rate of one per week. This is at the upper range of the an-
ticipated detection rate. The O3 observing run is planned
to last about 1 year, and the Japanese KAGRA detector
intends to join the run for the final months growing the
network to 4 detectors.

The strain data from the preceding science run (02)
have been released and are now available through the
Gravitational Wave Open Science Center. The O2 observ-
ing run began on November 30, 2016 and ended on Au-
gust 25, 2017. Observations in O2 include seven binary
black hole mergers, as well as the first binary neutron star
merger observed in gravitational waves, all recently pub-
lished with the GWTC-1 catalog. Along with the strain
data, the release contains detailed documentation and
links to open source software tools.

On February 15, 2019, the NSF, along with UK and
Australian funding agencies, announced the funding of
an additional upgrade of the twin LIGO detectors. Ad-
vanced LIGO Plus (or A+) will use frequency-dependent
squeezed light and new mirror coatings to further in-
crease the sensitivity and the probed volume for coalesc-
ing binaries by a factor of 5 to 8 (depending on the astro-
physical source characteristics). This will not only lead to
an increase in the expected detection rate to potentially
once per day but also allow greater precision in tests of
general relativity and improve our understanding of neu-
tron star physics. It is expected that this upgrade will be
ready for observing in 2024. VIRGO is planning a similar
upgrade, and LIGO India — a 3rd Advanced LIGO detector
— will come online in 2025.

The Gravitational Wave International Committee
(GWIC) has spawned a subcommittee to assess the as-
trophysics, instrument science, and governance of next
generation observatories and their detectors. This work
has led to a number of Decadal White Papers which will
be issued as a report in summer 2019.

Patrick Brady of the University of Wisconsin Milwau-
kee has been elected spokesperson of the LIGO Scientific
Collaboration. He succeeds outgoing spokesperson David
Shoemaker.

The Laser Interferometer Space An-
tenna 1Ira THorPE (NASA/GSFC), GUIDO MUELLER
(UNIVERSITY OF FLORIDA), MICHELE VALLISNERI (JPL)

Steady progress continues in the development of the
Laser Interferometer Space Antenna (LISA) mission. The
European Space Agency-led LISA project is currently un-
dergoing a mid-Phase A review to assess progress on the
detailed design of the mission. One part of this review
will examine design concepts for the LISA spacecraft that
have been developed in parallel studies with two Euro-

pean industrial partners. A second part of this review will
cover the detailed design of the LISA instrument, the de-
velopment of which is being led by the LISA Consortium,
supported by and in collaboration with a group of Eu-
ropean National agencies, industrial partners, ESA, and
NASA. Both portions of the review are expected to be
completed in 2019.

NASA is contributing to the LISA design effort through
the development of a number of subsystems for poten-
tial contribution to the ESA-led mission. These include a
telescope system for mitigating diffraction losses across
the long LISA baselines, a stabilized laser system, a non-
contact charge management system based on the UV
photoelectric effect for controlling electric charge on the
freely-flying LISA test masses, an electric micropropulsion
system leveraging heritage from the ST7 mission, and a
high-fidelity heterodyne receiver (aka “phasemeter”) for
measuring and processing the interformetric signals gen-
erated on the LISA optical bench. NASA and ESA are also
investigating options for additional spacecraft elements
which could form part of the eventual NASA contribu-
tion. A final agreement on roles and responsibilities will
be secured near ESA's Mission Adoption milestone, cur-
rently expected in the early 2020s. In the meantime, the
ESA, NASA, and Consortium instrument teams are work-
ing closely together to ensure that the tightly-integrated
LISA measurement system is being developed in a coor-
dinated fashion,.

The LISA Consortium has established itself as the focal
point of the international LISA science community. The
Consortium now includes over 1000 members in more
than 20 different countries. In addition to contributions
on payload design, the LISA Consortium will contribute
to the development of data analysis tools and the scien-
tific exploitation of the LISA data. The Consortium gath-
ered at the University of Florida in late April for their
4th collaboration meeting where they worked to coordi-
nate activities and discuss progress in each of these areas.
Researchers interested in joining the Consortium should
visit the LISA consortium website.

The attention of the LISA community in the US is par-
ticularly focused on the 2020 Decadal Survey of Astron-
omy and Astrophysics. While the Astro2020 Statement
of Task established LISA as part of NASAs program of
record and emphasized that LISA need not be ranked, it
also invited Astro2020 to comment on the current scope
of NASA’s activities and potentially make recommenda-
tions for changes. The US LISA community believes that
an increased NASA role in LISA science and instrumenta-
tion would benefit both the US astrophysics community
as well as the LISA mission as a whole. The NASA LISA
Study Team (NLST), a US community team that provides
input to NASA on LISA science, developed a dozen white
papers on elements of the LISA science case, many of
them in collaboration with colleagues in other areas of as-
trophysics including electromagnetic observers, compu-
tational modelers, and theorists. These whitepapers are
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available on the NASA LISA website. The NLST is con-
tinuing to coordinate Astro2020 activities including sub-
missions to the Activities, Projects, and state of the pro-
fession Consideration (APC) call as well as participation
in town halls and other activities. Researchers interested
in NLST activities should contact the NLST chair, Kelly
Holley Bockelmann (k.holley@vanderbilt.edu).

IceCube

KAEL HANSON, WIPAC DIRECTOR
AND PI OF THE ICECUBE UPGRADE PROJECT (UNIVERSITY
OF WISCONSIN, MADISON)

The IceCube Neutrino Observatory will remain the
preeminent facility for high-energy neutrino astron-
omy and multi-messenger astrophysics through the next
decades by getting a series of extensions. In late 2018, the
US National Science Foundation committed $23 million,
and collaborating institutions allotted $15 million more,
toward the construction and deployment of seven addi-
tional strings of densely spaced, advanced photodetector
modules during the 2022/2023 austral summer season.
In the long term, the planned IceCube-Gen2, ten times
larger than the current IceCube main array, will provide
a decisive boost to neutrino astronomy.
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Figure A: plan view of the IceCube Upgrade. The seven strings (red dots)
will be deployed at the center of the existing IceCube array (top right). In
addition to the reduced string spacing (25 meters vs 125 meters in Ice-
Cube) the intra-string spacing of optical modules on a string is 5x more
dense, forming a 5-megaton instrumented volume with sensitivity to neu-
trino interactions below 10 GeV.

The IceCube Upgrade modules will form an infill ar-
ray within the DeepCore of IceCube, bringing the en-
ergy threshold of the IceCube facility down below 10
GeV. In this energy region, IceCube, already a capable
instrument for the study of neutrino particle properties
using atmospheric neutrinos as a natural beam (see e.g.
Atmospheric tau neutrino appearance in IceCube or Im-
proved measurements of neutrino oscillations with Ice-
Cube), will dramatically extend its sensitivity to v,, — v,

oscillations, allowing IceCube to measure the unitarity of
the Pontecorvo-Maki-Nakagawa-Sakata (PMNS) matrix,
constrain the “atmospheric” neutrino mixing parameters,
and determine, with the JUNO detector currently un-
der construction, the neutrino mass eigenstate hierarchy.
These measurements will require the deployment of ad-
vanced sensors and calibration instrumentation that will
also help the existing IceCube detector understand the
characteristics of the natural material — the glacial ice —
that it uses to explore high-energy phenomena.

Figure B: Schematic of the IceCube Neutrino Observatory and future exten-
sions. The IceCube Upgrade, to be deployed in 2022/23, is shown in red
and will consist of seven new strings at the bottom-center of the current ar-
ray. The future IceCube-Gen2 will instrument a ten-times-larger volume,
with strings of sensors deployed at distances of 200 meters or more.

The IceCube Upgrade comprises seven deep-ice
strings that densely instrument the clear ice at the South
Pole between about 2100 m and 2450 m beneath the
surface of the Polar Plateau. The close spacing of the
strings, the dense packing of optical sensor modules on
each string, the large area, and the segmented photocath-
odes employed in the modules will allow the reconstruc-
tion of particle interactions in the ice induced by atmo-
spheric neutrinos that are produced when cosmic rays
collide with atmospheric nuclei. These neutrinos propa-
gating through the Earth exhibit a quantum mechanical
phenomenon called neutrino oscillations: neutrinos pro-
duced as one particular flavor (electron, muon, or tau)
can change their identities and be detected as another
flavor. By measuring the neutrino events’ flavors, ener-
gies, and zenith angles in the IceCube Upgrade, collab-
orating scientists will be able to constrain the least well
understood matrix element of the PMNS matrix. Because
the matrix must be unitary, a deviation of this matrix el-
ement from a value required to satisfy unitarity would
point to new physics: nonstandard interactions or hidden
neutrino flavors.

In order to achieve the precision necessary for deter-
mining the oscillation parameters the IceCube Upgrade
must deploy, calibration devices are necessary, in addi-
tion to novel optical sensor instrumentation, to charac-
terize the optical properties of the ice in which IceCube
is embedded. Despite it being an exceptionally transpar-
ent optical medium with attenuation lengths approaching
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200 meters, the ice has been imprinted with a complex,
layered structure according to prehistoric weather and
volcanic activity. Also, at the few percent level, glacial
flow induces optical anisotropies. Imperfect knowledge
of these optical properties currently limits the precision
of IceCube’s high-energy neutrino angular resolution and
particle (flavor) identification. The same improvements
in ice models required for the IceCube Upgrade will be
used to improve IceCube data. There are several aspects
of the impact of these improvements on high-energy as-
trophysics and multimessenger astronomy: (a) IceCube’s
real-time alert system will benefit from the reduced an-
gular errors, giving follow-up observations better local-
ized targets for coincident detection; (b) improved flavor
identification of neutrinos from high-energy sources will
better constrain the physics behind particle acceleration
in the exotic objects or perhaps even point to physics be-
yond the Standard Model affecting neutrino propagation
over cosmological distances; (c) perhaps the most com-
pelling argument is the possibility of applying improved
ice models to IceCube historical data retroactively, where
point sources previously obscured by limited angular res-
olution but nevertheless present in the IceCube 14-year
data archive could immediately leap out of IceCube’s re-
processed sky maps.

The Chandra X-ray Observatory

ROGER BRISSENDEN (SAO) AND MARTIN C.
WEISSKOPF (NASA/MSFC)

Chandra has carried out more than 19 years of highly
successful and productive science operations. The Chan-
dra X-ray Observatory is unique in its capability for pro-
ducing the sub-arcsecond X-ray images that are essen-
tial to accomplish the science goals of many key X-
ray and multi-wavelength investigations in current as-
trophysical research. The Project is looking forward to
many more years of scientific productivity. In recogni-
tion of this, NASA has chosen to continue the mission and
has extended the contract to operate Chandra, potentially
through September 2027.

With the approach of Chandra’s 20th anniversary of
operations, which will occur on July 23, 2019, those of us
involved with the observatory look forward to celebrating
this significant milestone, but at the same time note with
sadness the recent death of Riccardo Giacconi, to whom
we owe much for his insights and leadership toward the
development of Chandra.

Chandra’s 20th anniversary is being celebrated with a
wide variety of colloquia, meetings and presentations, in-
cluding a scientific symposium in Boston, December 3-6,
2019, an event at the National Air and Space Museum in
August 2019, and a special session at the American Astro-
nomical Society meeting in Seattle held in January 2019.
Please check the schedule of events to keep up with the
20th anniversary celebration.

The Chandra Project is currently participating in

NASAs periodic Senior Review (SR) of operating mis-
sions. We submitted the required SR proposal on March
15, 2019 and will host the SR panel’s site visit in May.

The Observatory continues to operate extremely well
overall but with a number of incremental changes in per-
formance, due primarily to the gradual accumulation of
molecular contamination on the UV filter that protects
the ACIS detector, and to progressive degradation of the
spacecraft’s multi-layer insulation. Condensation on the
filter reduces ACIS’s sensitivity to low-energy X-rays (but
does not affect the HRC). The decline in insulation effec-
tiveness requires extra effort in scheduling observations,
but has not significantly affected Chandra’s observing ef-
ficiency.

Although Chandra’s overall efficiency has not been
significantly affected, the increasingly stringent thermal
constraints on Chandra pointing have made scheduling
of observations more difficult. It is sometimes necessary
for Chandra to point in a direction that will pre-cool a
particular subsystem before pointing at a target that will
cause it to heat. To enable Chandra to stay within its
temperature limits without losing efficiency by pointing
at blank sky to cool off, the CXC Director, in consulta-
tion with the MSFC Project Science group and the Chan-
dra Users Committee, authorized a call for White Paper
proposals for Chandra Cool Targets (CCTs). CCTs con-
stitute a large pool of targets distributed across the sky,
so that a cooling target is always available for mission
planning. CCTs will be scheduled if no appropriate Gen-
eral Observer (GO) or Guaranteed Time Observer (GTO)
targets are available. Since there is no guarantee that a
particular CCT will be observed, GO and GTO observers
can apply for CCT targets to address their own science
in response to the annual Call for Proposals. If a GO or
GTO proposal for a specific CCT is approved, that target
will be removed from the CCT database. In response to
this call, 41 White Papers were submitted. Four reviews,
based on science topic, were conducted, with reviewers
from the CXC, MSFC and outside institutions. The re-
views approved 22 programs, with approximately 22,000
CCTs. The first CCTs were observed in January, 2019.

In December 2019, one (of five) solar panel sub-
arrays for one of Chandrad’s three batteries failed. The
flight team took appropriate engineering and software
measures to reconfigure ballast resistors. Ample solar
power remains available, and there is no impact to sci-
ence or spacecraft operations.

The combined effects of expected accumulated radi-
ation damage and increasing temperature on Chandra’s
aspect camera CCD have begun to affect the camera’s
ability to detect faint stars. Left unchecked, this trend
would present difficulty in acquiring and tracking guide
stars, which could decrease mission efficiency or preclude
observation of some targets. We have successfully imple-
mented strategies to mitigate the effects, and continue
work in this area.

The Chandra Operations Control Center (OCC), from
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which mission operations are conducted, is moving from
its current site in Cambridge, Massachusetts to a new lo-
cation in Burlington, MA. Construction of the new OCC
is complete and system testing is in its final phase. We
have successfully communicated with Chandra from the
Burlington OCC, and are conducting an intensive pro-
gram of large-scale operational simulations and demon-
strations with the spacecraft to verify the OCC’s capabil-
ities. Following the completion of testing and readiness
reviews, full mission operations from the new facility are
expected to begin in May 2019.

Release 2.0 of the Chandra Source Catalog (CSQC),
which contains 374,349 detections from 315,875
sources, is nearing completion. Pipeline processing of
all source properties is complete, with reprocessing of a
small set of sources in work. All properties and data prod-
ucts for all master sources can be accessed through the
CSCview application.

In December 2018 the Chandra X-ray Center (CXC) is-
sued a call for proposals for Cycle 21 observations. Scien-
tists worldwide submitted 515 proposals, including 425
proposals for observing and 90 for archive and theory re-
search. The observing proposals requested a total of 83.7
Msec of telescope time, an oversubscription factor of ap-
proximately 5.4. The Cycle 21 peer review will be held
in June 2019. A restriction on CXC funding during the
partial government shutdown in December and January
required us to suspend issuing Chandra grants. We have
since initiated funding of Chandra grants for all Cycle 20
observations made through April.

Multi-wavelength view of the “teacup galaxy” from Chandra with help
from XMM. From “Tempest in a Teacup”, High Energy Astrophysics Pic-
ture of the Week. Credit: X-ray: NASA/CXC/University of Cambridge/G.
Lansbury et al; optical: NASA/STScl/W. Keel et al; radio: NRAO/VLA

NASA announced the selection of 24 Fellows for
the 2019 NASA Hubble Fellowship Program (NHFP),
which supports postdoctoral researchers performing re-
search across all of NASA astrophysics. NHFP postdocs
are named as Hubble, Einstein, and Sagan fellows, de-
pending on their research topics. Seven of those selected
for 2019 were Einstein Fellows.

The Chandra Press Office has been active in issuing
image releases, science press releases and other commu-
nications of Chandra research results. The annual Chan-
dra Newsletter (#24) was released and distributed in
April. Information about the Chandra Observatory and
the Chandra X-ray Center may be found at the Chandra
web site.

XMM-Newton
LYNNE VALENCIC (JHU & NASA/GSFC)

Successful submissions from the Eighteenth Call for
Proposals for XMM-Newton were announced in Decem-
ber 2018, and observations will begin in May. The Nine-
teenth Call for Proposals will open August 20, and the fi-
nal date to submit proposals will be October 11. The final
approved program will be announced in mid-December.

The SOC is hosting a workshop, “Astrophysics of
Hot Plasma in Extended X-ray Sources” June 12-14 in
Villafranca del Castillo, Madrid, Spain. The workshop
will summarize the current understanding of plasmas in
galactic halos and winds and the interstellar medium. At-
tention will also focus on upcoming missions and the im-
portance of plasma codes in data interpretation.

Proceedings and presentations from the 2018 sympo-
sium, “Time-Domain Astronomy: A High Energy View”
are now available online.

The Neil Gehrels Swift Observatory
ELEONORA TROJA, BRAD CENKO (NASA/GSFC)

The Neil Gehrels Swift Observatory continues to op-
erate flawlessly and to support 4 Target of Opportunity
(ToO) requests per day in addition to observing gamma-
ray bursts (GRBs) and Guest Investigator (GI) targets.
Swift is by far the most active mission in terms of the
number of ToOs accepted and variety of sources ob-
served.

The Burst Alert Telescope aboard Swift continuously
scans the sky producing one of the most sensitive all-
sky surveys in the hard X-rays. The survey is especially
useful for finding nearby active galaxies, especially those
obscured at other wavelengths by gas and dust. Using
high resolution IR observations of active galaxies de-
tected with BAT, a team of astronomers found a surpris-
ing number of galaxies in the final stages of merging to-
gether into single, larger galaxies. Peering through thick
walls of gas and dust surrounding the merging galax-
ies’ cores, the research team captured pairs of supermas-
sive black holes drawing closer together before they co-
alescence into one giant black hole. Most prior obser-
vations of merging galaxies have caught the coalescing
black holes at earlier stages, when they were about 10
times farther away. When the black holes finally do col-
lide, they will unleash enormous energy in the form of
gravitational waves.
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On April 1st, 2019, LIGO and its Italian partner,
VIRGO began their search for gravitational waves, called
03 for third observing run. During the first month of op-
erations the LIGO-VIRGO network spotted five stellar col-
lisions, including the first possible neutron star — black
hole merger on April 26th. Swift responded to the alert
and observed thousands of galaxies within the LIGO-
VIRGO localization in order to find the luminous electro-
magnetic counterpart of the gravitational wave signal.

50% area: 214 deg”
90% area: 1131 deg”

Swit Tiling Response to 5190426c Fields Observed: 838

S

On April 26th, 2019, the LIGO-VIRGO network issued an alert for a pos-
sible neutron star - black hole event, dubbed S190426c. The Neil Gehrels
Swift Observatory began pointed UV and X-ray tiling of the localization
region of S190426¢ 142 minutes after the GW alert. The campaign contin-
ued for 2 days and observed over 32% of the galaxy-convolved localization
in >800 fields covering thousands of massive galaxies.

The Swift Guest Investigator (GI) program will con-
tinue to solicit proposals in GRB and non-GRB research
during Cycle 16. NASA's Research Opportunities in Space
and Earth Sciences (ROSES) 2019 and the Swift Ap-
pendix were released on March 14, 2019. Updates on the
Cycle 16 GI Program and the deadline for proposal sub-
mission will be posted on the Swift Proposals web site.

NuSTAR

DANIEL STERN (JPL), FIONA HARRISON (CALTECH)

NuSTAR continues to operate without any significant
performance or calibration issues. NuSTAR AO-5 propos-
als were due March 25, and we are pleased to announce
that the response to both the standard observing propos-
als (time requests < 500 ksec) and large proposal oppor-
tunities were strong. We received 186 regular proposals
for 26.1 Msec of time, an oversubscription factor of 4. We
also received 12 large proposals for >500 ksec each, with
an oversubscription of 3.5. Target of Opportunity propos-
als continue to be popular, with an oversubscription fac-
tor of 10.

The NuSTAR User’s Committee, chaired by John Tom-
sick of UC Berkeley, is interested to hear suggestions from
the community about how NuSTAR can continue to be
responsive to community priorities. If you have sugges-
tions, please email nucchair@lists.srl.caltech.edu.

NuSTAR high-energy X-ray light (green) overlaid on false-color optical
SDSS image of M51, the Whirlpool Galaxy, and its companion, M51b.
X-ray emission from the centers of the galaxies is associated with accre-
tion onto supermassive black holes. Several ultraluminous X-ray sources
(ULXs) are evident, including the neutron star ULX to the east (left) of the
nucleus of the primary galaxy. Credit: NASA/JPL-Caltech; IPAC

On the science front, Brightman et al. (2018, ApJ,
867, 110) present a comprehensive study of M51, the
Whirlpool galaxy, combining data from NuSTAR and
Chandra. Both galaxies in this merging system are ac-
tive, with the nucleus of the primary, M51a, found to
have Compton-thick levels of obscuration. Whereas the
process of merging is generally expected to enhance nu-
clear activity, this study shows that both galaxies have
very low accretion rates, with Eddington ratios < 0.01%.
This study also reports on the broad-band X-ray spectra
of several ultraluminous X-ray sources (ULXs) in the sys-
tem, including one ULX known to be associated with an
accreting neutron star.

The Neutron Star Interior Composition
Explorer

KEITH GENDREAU (NASA/GSFC), ZAVEN
ARZOUMANIAN (NASA/GSFC)

In early March, 2019, NASAs NICER mission com-
menced observations for Cycle 1 of its Guest Observer
(GO) program. Thanks to the tremendous dedication of
members of the NICER Guest Observer Facility (GOF)
team, peer review of the 84 proposals received by the De-
cember 2018 submission deadline proceeded on schedule
despite the prolonged U.S. Government shutdown. The
review resulted in the selection of 49 proposals, for obser-
vations of 108 unique targets. The NICER project supple-
mented its initial allocation of 5 Msec of total GO science
exposure by up to an additional 1 Msec to accommodate
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the possibility that many of the proposed targets of op-
portunity (ToOs) could be triggered. Approximately 30%
of the approved proposals were for ToOs, and a similar
fraction anticipated observations coordinated with other
space- and ground-based telescopes, including NuSTAR
— an agreement between the two projects enabled NuS-
TAR time awards through the NICER proposal review,
while NICER time will be awarded in the NuSTAR Cy-
cle 5 review. NICER’s soft X-ray (0.2-12 keV) passband
complements NuSTAR’s coverage at higher energies, with
a unique combination of timing, energy resolution, sen-
sitivity, and throughput (several Crabs of flux without
pileup) capabilities. As a payload hosted on the Interna-
tional Space Station, NICER also offers scientifically valu-
able scheduling flexibility, as well as real-time command-
ing and prompt data availability. ToO requests from the
community are encouraged — a Web-based ToO request
form is available at the NICER website, as is the mission’s
short-term observing schedule.

nature

EVOLUTION OF A
BLACK HOLE

The el Forca Bt
ahusmges in s el e

NICER’s first Nature paper resolved a long-standing ambiguity in the evo-
lution of accretion onto a BH in outburst, with uniquely rich data on the
bright transient MAXI J1820+070. Credit: NASA/NICER; E. Kara et al.,
UMD

NICER’s presence at the 233rd AAS meeting in Jan-
uary 2019 and the 17th Divisional HEAD meeting in-
cluded a number of scientific highlights:

e Insights into the geometric evolution of a black
hole’s accretion environment in outburst, the sub-
ject of a media briefing by Erin Kara (U. Maryland
and NASA GSFC) and the cover article for the Jan-
uary 9 issue of Nature.

e An invited progress report by Anna Watts (U. Ams-
terdam) on NICER’s key neutron star mass and ra-
dius inference investigation through modeling of
the thermal X-ray light curves of rotation-powered
millisecond pulsars (MSPs).

e A report of multiple “anti-glitches” during the rapid
accretion-driven spin-up of the ultraluminous X-ray
pulsar NGC 300 ULX-1 (Ray et al. 2019).

e Multiple first detections with NICER of X-ray pulsa-
tions from a handful of known radio and gamma-
ray MSPs (Guillot et al. 2019).

e The discovery of spectral features — emission near
1 keV and absorption at 1.7 and 3 keV, all consistent
with the instrument’s spectral resolution — in photo-
spheric radius expansion bursts from the ultracom-
pact neutron star binary 4U 1820—30 (Strohmayer
et al. 2019).

The NICER public data archive comprises, as of this
writing, more than 13,000 observations, where a unique
“ObsID” represents data collected for a single target on
a single day. Data analysis tools are distributed through
the HEAsoft package, and calibration products are avail-
able through the HEASARC Calibration Database. The
mission’s continued operations beyond September 2019,
including the second half of the GO program’s Cycle 1,
are contingent upon a successful outcome in NASA's 2019
Astrophysics Senior Review.

AstroSat

K. P. SINGH (IISER, MOHALI),
DIPANKAR BHATTACHARYA (IUCAA, PUNE), S. SEETHA
(URSC, BENGALURU)

The Science Working Group (SWG) of AstroSat has
fixed 2 Msec of observing time per year, the “Legacy”
proposals that were announced in the last newsletter. A
few observations under this program selected for AO6
are currently being carried out. The data observed under
the Legacy program will not have any lock-in period and
will be opened nationally and internationally immedi-
ately through ISSDC after usual quality checks and some
pre-processing. The time allotted for AstroSat calibration
has been enhanced from 3% to 5% of the overall obser-
vatory time from Oct 1, 2019 onwards. New observation
proposals for the next regular cycle of observations, AO7,
to be scheduled for Oct 1, 2019 — Sept 30, 2020, were
received between March 11 — April 23 this year and are
under review. Observations for Targets of Opportunity are
being processed as requests are received and approved.

On the performance of the instruments, all attempts
to revive the Near Ultraviolet (NUV) channel of the Ultra-
violet Imaging Telescope (UVIT) have failed, and it con-
tinues to be out of commission. The Far Ultraviolet (FUV)
and the Visible (VIS) channels of UVIT continue to func-
tion normally. Two units of the Large Area X-ray Propor-
tional Counter (LAXPC) — LX10 and LX20 — are being op-
erated. However, LAXPC 10 is operated under lower gain.
Tne Cadmium Zinc Telluride Imager (CZTI), and the Soft
X-ay Telescope (SXT) continue to function normally and
are available for observations.
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A COSPAR Capacity building workshop to train pre-
and post-PhD students/scientists was held at the Indian
Institute of Science Education and Research, Mohali, In-
dia from March 9-20, 2019. Thirty six students (selected
from 136 applicants) from all over India, Turkey, China,
Sweden and Nigeria participated and carried out science
projects based on XMM-Newton, Chandra, and AstroSat
data. The workshop was sponsored by COSPAR, IISER-
Mohali, ISRO, ESA, NASA, and CXC. Lecturers and tu-
tors were drawn from India, USA, Holland, UK, Spain and
Italy. More details will follow in the COSPAR newsletter.

Attendees at the COSPAR capacity building workshop, Indian Institute of
Science Education and Research, Mohali, India, March 9-20, 2019. If you
look closely you may see the former HEAD Treasurer. Credit: T. Belloni

There were a number of interesting new results from
AstroSat, in particular:

e The detection of high time-variable polarization,
with higher emission at energies above the peak en-
ergy from GRB 171010A.

e The detection of a cyclotron resonance scattering
feature (CRSF) at ~5 keV in the X-ray spectrum of a
Be/X-ray binary pulsar SXP 15.3 in the Small Mag-
ellanic Cloud during its outburst in late 2017. The
source had reached a luminosity level of close to the
Eddington limit during the observations. This mea-
surement indicates a magnetic field strength of 600
billion gauss for the neutron star.

e The detection of a pulse-phase dependent cyclotron
scattering feature (CRSF) at ~22 keV in a high mass
X-ray binary pulsar 4U 1538-152.

Be sure to see the AstroSat picture of the month for new,
interesting images which highlight AstroSat science re-
sults.

X-Calibur

H. KRAWCZYNSKI (WASH. UNIV. IN ST.
Louis) AND F. KisLAT (UNIV. NEW HAMPSHIRE) FOR THE
X-CALIBUR TEAM

The X-Calibur hard X-ray polarimetry mission was
launched on a Long Duration Balloon flight on
12/29/2018 from McMurdo (Antarctic). The experiment
uses the Wallops Arc Second Pointer (WASP) to point an
8m long carbon fiber optical bench, equipped with the
InFOCuS X-ay mirror and a scattering polarimeter, at X-
ray bright neutron stars and black holes.

St s e o — - ——— e

Launch of X-Calibur on 12/29/2018

During the 2.5 days of the flight, the experiment ac-
quired a rich data set on the X-ray pulsar GX 301-2 with
X-Calibur flux, spectral and polarization information, and
simultaneous and near simultaneous NICER and Swift
X-Ray Telescope (XRT) and Burst Alert Telescope (BAT)
data. GX 301-2 is in a ~ 40.5-day orbit with the B1 Ia hy-
pergiant Wrey 977, a ~ 50 solar mass star ~ 470,000
times brighter than our sun. X-Calibur detected strong
pulses from the neutron star, clearly showing the ~ 684s
periodicity caused by the neutron’s star spin. The obser-
vations enabled the very first constraints on the 15 keV—
35 keV polarization of the hard X-ray emission from a
mass accreting neutron star. GX 301-2 is a particularly in-
teresting object as it exhibits Cyclotron Resonant Scatter-
ing Features (CRSFs) at 35 keV and 50 keV showing that
the neutron star supports a very strong magnetic field of
several times 10'2G, more than a trillion times stronger
than the ~ 0.5G magnetic fields on Earth. In the presence
of such strong fields, Quantum Electrodynamics (QED)
predicts very high linear polarization fractions of the X-
rays owing to their interactions with virtual electron and
positron pairs. This strong-field prediction of QED can-
not be tested in terrestrial laboratories because it only
becomes measurable at extremely strong magnetic field
strengths. The publication of the X-Calibur results is in
preparation.
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The flight duration was determined by a helium leak
in the balloon. After the flight, the polarimeter and shield
were successfully recovered from the landing site. Tests
at Washington University show that the polarimeter is
fully functional. The X-Calibur team recently joined forces
with Japanese and Swedish groups previously working on
the balloon-borne hard X-ray polarimeter PoGO+ (Polar-
ized Gamma-ray Observer) which observed the Crab and
Cygnus X-1 in 2016.
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The X-ray pulsar GX 301-2 as seen in X-Calibur’s “tail end detector” used
to confirm the proper pointing of the telescope. The color graph shows the
excess counts from GX 301-2 after background subtraction in arbitrary
units. The spatial extent of the excess reflects the mirror’s point spread
function.

The team is now working on preparing three follow-
up flights of an improved payload called XL-Calibur. XL-
Calibur will use the 12m spare mirror of the Hitomi Hard
X-ray Telescope (HXT) and a modified polarimeter-shield
assembly with thinner detectors and additional neutron
shielding to achieve a more than one order of magni-
tude better signal-to-noise ratio than X-Calibur. The team
proposed three flights of XL-Calibur: two from Kiruna,
Sweden (Summer 2021 and Summer 2022), and one
from McMurdo, Antarctic (December 2024). The flights
will enable XL-Calibur to observe a sample of archetypi-
cal X-ray sources with simultaneous observational cover-
age with the Imaging X-ray Polarimeter Explorer (IXPE)
scheduled for launch in 2021. While IXPE measures the
polarization of 2 keV-8 keV X-rays, XL-Calibur covers the
15 keV-80 keV energy range. For more information, see
the X-Calibur website.

The Fermi Gamma-Ray Space Tele-
scope

ELIZABETH HAYS (NASA/GSFC), CHRIS SHRADER
(NASA/GSFC AND THE CATHOLIC UNIVERSITY OF AMER-
1CA), DAVE THOMPSON, JULIE MCENERY (NASA/GSFC),
LYNN COMINSKY (SONOMA STATE UNIVERSITY)

The Fermi spacecraft and both instruments continue
routine operations, scanning the gamma-ray sky contin-
uously. The solar panel issue that occurred in March of
last year has been circumvented by modifications to the
observing strategy.

Recent science highlights include:

e The fourth catalog of high-energy gamma-ray
sources (4FGL) seen by the Fermi Large Area Tele-
scope is now available. With more than 5000
sources, it is the deepest survey yet of the sky at
photon energies from 50 MeV — 1 TeV.
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